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(54) PROBING APPARATUS 

(57)Abstract: 

PURPOSE: To obtain a probing apparatus wherein an object 
to be treated can be aligned with a test head in a measuring 
operation and a highHrequency measurement can be 
performed with high accuracy. 

CONSTITUTION: A probe card 9 which is provided with a 
probe needle is attaches directly to a test Mac 1; a detection 
means 14 which detects the inclination of the probe card 9 
with reference to a mounting stand 4 is attaches to the 
mounting stand 4 which supports an object under test; a 
correction means which corrects the inclination of the 
mounting stand 4 on the basis of information from the 
detection means 14 is installed. The correction means is 
composer of three support parts which support the mounting 
stand 4 and whose length can be changed. By charging the 
length of each support part, the inclination of the mounting 
stand 4 is corrected. Thereby, since the probe card can be 
attached directly to the test head, the connecting part such 
as a measuring cable or the like between the test head and 
the probe card can be eliminated, an increase in the 

impedance of the title apparatus can be eliminated and a highHrequency measurement can be 
performed accurately. 



* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A test head. 

A probe card which is provided with a probe needle for inspecting an inspected object, and is 

electrically connected to said test head. 

A support means which supports said inspected object 

A stage for moving said support means so that said inspected object and said probe needle may 
contact. 

It is the probe device provided with the above, and said support means was provided with a 
compensation means which amends inclination to said test head of said inspected object. 

[Claim 2]The probe device according to claim 1, wherein said probe card is connected with said test 
head fixed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the probe device for inspecting the electrical property 

of inspected objects, such as a semiconductor wafer. 

[0002] 

[Description of the Prior Art]Two or more chips regularly arranged with the constant interval are 
formed in the surface of an inspected object, for example, an inspected object, and two or more pads 
which stand in a row in various kinds of signals in this chip are formed in the predetermined part in 
each chip. Where the probe needle of correspondence of test equipment in each pad in a chip is 
contacted, the inspection of the electrical property of this chip is conducted, and discernment by 
marking etc. is performed to a defective chip. Usually, in order that this main test equipment may 
attain automation of an inspection, a probe device is put together. 

[0003]As this probe device 100 is shown in drawing 6 , while arranging the probe card 102 provided 
with the probe needle arranged at the upper part side of the wafer mounting pedestal 101 movable in 
X, Y, Z, and the direction of theta corresponding to the electrode pad arrangement of the IC chip in a 
wafer, Fix this probe card 102 to the undersurface of the contact ring 103 with a screw, and the 
contact ring 103 and a probe card are electrically connected via the pogo pine of a major ring cable 
or the contact ring 103, This contact ring is fixed by the fixing means which is not illustrated to the 
insert ring 104 of the main part of a probe device, and it is constituted. And the probe test in such a 
device, Press the test head 105 against the upper surface of the contact ring 103, and the test head 
105 and the contact ring 103 are electrically connected by the major ring cable or a pogo pine, The 
wafer mounting pedestal 101 is raised, a probe needle and the electrode pad of the chip in a wafer 
are contacted, and he performs electric measurement in this state, and is trying to judge the quality 
of an IC chip. 

[0004]Furthermore, these days, the multi probe measured at once with the probe card provided with 
plurality, for example, the probe needle corresponding to these IC chips for the IC chip of 16, for 
improvement in an operating ratio is also performed. 
[0005] 

[Problem(s) to be Solved by the Invention]By the way, in such a conventional probe device, Since 
two or more terminal areas which called it the major ring cable or the pogo pine intervene between 
the IC chip and test head which are inspected objects, capacity and impedance increase and there is 
a problem that the high frequency inspection of not less than 200-300 MHz cannot be conducted 
correctly. There is a problem that it is difficult to take matching with an IC chip and the test head 
105, and measurement is not stabilized easily. 

[0006]For this reason, a probe card is directly fixed to a test head, and it can be considered that 
things make a terminal area into the minimum. However, since it is generally on the stand where a 
test head and the main part of a probe device are separate respectively and those levels differ, when 
a probe card is directly fixed to a test head. Since perfect contact cannot be aimed at even if it 
carries out alignment of the probe needle to an IC chip, the adjustment which coincides the level 
surface of a probe card and the level surface of a wafer is needed. 

[0007]Although it acts to the field and wafer mounting pedestal in which a probe card is attached at 
the time of the assembly of a device as water Hiraide also in the conventional probe device and work 
is done, En this case, for example, the multi probe with which the accuracy whose Ievelness is several 



10 microns measures two or more chips at once again in the single probe which measures one chip 
requires the accuracy of **** of a single. However, since the test head can also be 300-500 kg in 
not less than 200 kg and especially the test head for major-diameter wafers that high integration 
followed and the test head moreover is not supported by the rigid support means, If there is vibration, 
even if a possibility of producing a position gap will be large and will perform water Hiraide ** highly 
precise at the time of an assembly, desired accuracy may be unable to be attained at the time of 
measurement. 
[0008] 

[Objects of the InventionjThis invention was made that the above problems should be solved and an 
object of this invention is to provide the probe device in which the alignment of a processed object to 
a test head is possible at the time of measurement By attaching a probe card to a test head directly, 
an object of this invention is to make a terminal area into the minimum and to raise the accuracy of 
high-frequency measurement. 
[0009] 

[Means for Solving the Problem]A probe device of this invention which attains such a purpose, A test 
head and a probe card which is provided with a probe needle for inspecting an inspected object, and 
is electrically connected to a test head, In a probe device provided with a support means which 
supports an inspected object, and a stage for moving a support means so that an inspected object 
and a probe needle may contact, A support means is provided with a compensation means which 
amends inclination to a test head of said inspected object, and a probe card is suitably connected 
with a test head fixed. 
[0010] 

[Function]A support means is moved by movement of a stage and an inspected object and the probe 
card attached to the test head are made to counter. While the compensation means provided in the 
support means here detects the inclination of an inspected object to a probe card, the inclination of 
an inspected object is amended so that a probe card and an inspected object may become parallel. 
YX drive of a support means and movement of a Z direction by movement of a stage are performed 
after an appropriate time with a conventional method, a probe needle is contacted on an inspected 
object, voltage is impressed to a predetermined pad by a test head, and an electrical property is 
measured. 
[0011] 

[Example]Hereafter, one example of the probe device of this invention is described with reference to 
drawings. Drawing 1 is a figure showing the whole probe device of this invention, and comprises the 
test head 1 mainly supported by buck 7 with another main part 10 of a probe device and main part. 
The cassette 6 by which the main part 10 of a probe device stores two or more semiconductor wafer 
W as an inspected object is laid, theta axis is doubled so that the orthogonality of the automatic- 
loader-and-unloader part 2 for performing taking out of the wafer W and carrying in and the scrub 
line of a wafer may go into predetermined accuracy, XY axis. The prober part provided with the stage 
5 which comprises the X stage and Y stage for moving the alignment part 3 provided with the pattern 
recognition means of the optical system for amending or an ITV camera, and the wafer chuck 4 and 
the wafer chuck 4 which are wafer support means to an XY direction is comprised, The 
transportation arm which is not illustrated is provided between the automatic-loader-and-unloader 
part 2 and the prober part. 

The wafer W between the cassette 6 laid in the loader and the wafer chuck 4 of a prober part is 
exchanged. 

In addition, a microscope for a probe device to view contact with the navigational panel and the wafer 
W which are not illustrated, and a probe needle, Based on the data of input data, such as a measuring 
condition, the alignment data at the time of measurement, etc., a predetermined operation is 
performed from a navigational panel, and it has the microcomputer (henceforth a microcomputer) for 
sending out a control signal to each actuator, such as a stage, etc. 

[0012]lt has a power supply for impressing predetermined voltage to the predetermined pad of the 
formed IC chip on a wafer, and a circuit, and is being fixed to the support arm 8 pivoted by the buck 
7 t and the test head 1 is movable at the measuring point on a main part which is illustrated from the 
retreating position at the time of non measurement. In order to support the weight of the test head 1 , 
the clamp holding the end of the test head 1, etc. may be provided in the main part side of a probe 



device. In order to prevent heating by the voltage impressing at the time of measurement to a test 
head, it has the cooling method which is not illustrated, but since the cooling fan conventionally used 
as a cooling method produces vibration, it is preferred that it is a cooling method by circulation of 
refrigerants, such as air, water, liquid nitrogen, and Freon. 

[0013]The probe card 9 in which the predetermined electric conduction pattern was formed in the 
field by the side of the main part in the measuring point of such a test head 1 is directly fixed by 
screw ** etc., and the electrode and electric conduction pattern by the side of a test head are 
electrically connected. It is allocated by the probe card 9 so that two or more probe needles 9a 
electrically connected with the electric conduction pattern as shown in drawing 2 may project from 
the central opening 9c. If this probe needle 9a is formed corresponding to an inspected object, for 
example, it is a number corresponding to the pad of a chip, and arrangement if it is measurement of a 
single chip, and it is a multi probe, a probe needle will be allocated in the number corresponding to 
each pad of two or more chips, and arrangement, parallel appearance is carried out beforehand and 
the flat surface formed by the tip of the probe needle 9a which projects from the opening 9c, and the 
undersurface (field which counters a wafer) of the probe card 9 are carried out so that it may 
become parallel mutually. The target mark 9b for the compensation means of a probe part mentioned 
later to detect inclination is given to the undersurface of the probe card 9. The target mark 9b is 
formed in plurality, for example, four corners of the probe card 9, in an X axial direction at two (9b lf 

9b 2 ) and two Y shaft orientations. 

[0014]As for the main part 10 of a probe device, and the test head 1, in order to prevent change of 
the contact resistance of the probe needle 9a by vibration and the pad of a chip by the operation of a 
stage, etc., being installed on a vibration isolation system, respectively is preferred. On the other 
hand, the alignment part 3 and the probe part 4, As shown in drawing 3 , ITV camera 12 for detecting 
the position of the chip on a wafer currently formed and the electrostatic capacity type sensor 13 for 
detecting the height of a wafer surface etc. are being fixed to the alignment bridge 1 1 as the 
alignment part 3. The stage 5 comprises the movable Y stage 5b in the direction of X along with two 
rails which extend this movable in direction of X X stage 5a, and X stage 5a top in the direction of Y 
along with two rails which extend in the direction of X. 

X stage 5a and the Y stage 5b can move in the direction of X, and the direction of Y free with the 
drive mechanism of the common use containing a pulse motor etc. in the inside of the level surface. 

[0015]It is fixed to the placing board 41 which carries out adsorption support with a vacuum 
absorption mechanism, and the Y stage 5b, and the wafer chuck 4 can go up and down the wafer W 
free in the up-and-down (Z) direction according to a conventional rising and falling mechanism, as 
further shown in drawing 4 , and. Through the center, by a conventional rolling mechanism around a 
center line parallel to the Z-axis The flexible region 42 pivotable free, the bottom of the placing board 
41 with which the supporter 43 which connects the flexible region 42 with the placing board 41 was 
comprised, and the supporter 43 was formed spherically — two or more points (a of drawing 5 (b)X 
for example, three points It has composition supported by the member to which support length, such 
as a ball screw, a piezoelectric element, a cam, or an air cylinder, can be separately changed in b and 
c. That is, when the supporter 43 comprises three ball screws, it is made to change for every point 
which rotates a ball screw individually with a stepping motor etc, and supports the interval 
(henceforth support length) of the placing board 41 and the flexible region 42 with a ball screw, and 
the angle of the placing board 41 is changed. When the supporter 43 comprises three piezoelectric 
elements, the strength of the voltage impressed to each piezoelectric element is changed, the 
support length of each supporting point is changed, and the angle of the upper surface of the placing 
board 41 is changed. In addition, the ant etc. with which wedge-shaped heights were made to engage 
so that a slide is possible are employable as a cam, an air cylinder, or a tapered shape crevice as a 
method to which an angle is changed as mentioned above. 

[0016]Furthermore, the electrostatic capacity sensor (height sensor) or CCD camera 14 for detecting 
inclination of the wafer chuck 4 to the probe card 9 is being fixed to the Y stage 5b by detecting the 
height to the target mark 9b of the probe card 9. For example, in the case of CCD camera 14, it is 
detected with the amount of autofocus adjustments of a camera that height h^ to the target mark 9b 

mentions later. This CCD camera 14 has a target mark for itself, and that position is detectable in the 



alignment part 3. 

[0Q17]Next, operation of the probe device in such composition is explained. First, if the wafer W is 
held by a transportation arm from the loader section 2 at the placing board 41 of the wafer chuck 4, 
Move the wafer chuck 4 to the alignment bridge 11 by XY stage 5, and the position of the chip in 
which it is formed on the wafer by ITV camera 12 in accordance with the conventional method is 
detected, While making it the orthogonality of XY axis and a scrub line go into predetermined 
accuracy, an X-axis Y-axis is amended so that the pad of the probe needle 9a and a chip may be in 
agreement based on the parameter set beforehand. 

[0018]Subsequently, the distance (initial position) from the center of the wafer W held based on the 
target mark of CCD camera 14 by [TV camera 12 at the wafer chuck 4 to CCD camera 14 is decided. 
The stage 5 is moved to after an appropriate time, and CCD camera 14 detects the height of target 
mark 9b 1 provided in the both ends of the direction of X of the probe card 9, and 9b 2 one by one. 

This height h 1 is calculated based on the amount of autofocus adjustments when color definition of 

the image of the target mark 9b in CCD camera 14 is made into the maximum as distance ^ from a 

camera focus to the target mark 9b with the microcomputer built in. Height of two points 

corresponding to the two target marks 9b of the direction of X, Calculate h 2 and then distance d 1 of 

the direction of X for two points is calculated as a difference of the movement magnitude from the 
initial position of CCD camera 14, Inclination theta 1 of the direction of X can be calculated by 

following formula tantheta^ from these height h-j, h 2 , and distance ] =(h 2 -h 1 )/d 1 ( drawing 5 (a)). 

Height h 3 of two points corresponding to the two target marks 9b which similarly were provided in the 

both ends of the direction of Y of a probe card also about the direction of Y, h 4 can be calculated 

and inclination theta 2 of the direction of Y can be calculated by formula tantheta 2 [ of the direction of 

Y for two points / from distance d 2 ] =(h 2 -h 1 )/d 2 . Here, the inclination called for is relative inclination 

of the probe card 9 to the Y stage 5b 41, i.e., a placing board. 

It does not interfere, even if either is level, and even when both receive horizontally and lean. 

[0019]Next, to inclination of the probe card 9 calculated in this way, a microcomputer drives the 
predetermined ball screw or piezoelectric element of the supporter 43 so that inclination of the 
placing board 41 may be coincided, and it changes the support length of each supporting point For 
example, in making the placing board 41 incline along with a Y-axis as shown in drawing 5 (b) noting 
that the supporting point (three points) a, b, and c is symmetrically arranged to the Y-axis, only tales 
doses change simultaneously the support length of the supporting points b and c of others [ length / 
of the supporting point a on a Y-axis / support ]. In making it incline along an X axial direction, while 
carrying out specified quantity change of one support length of the supporting points b and c, only 
the amount of halves of the movement magnitude changes the support length of the supporting point 
a. Thereby, parallel in the placing board 41 and the probe card 9 are secured, and the flat surface 
which the probe needle 9a forms, and the flat surface of a wafer become parallel. The ball screw of 
these supporters 43 or the movement magnitude of a piezoelectric element, Although it may carry 
out for every Y shaft orientations with an X axial direction, the contrast table of the movement 
magnitude of three points to inclination to an XY direction is created beforehand, this is inputted to 
the memory of the microcomputer, and inclination of the placing board 41 can be changed by the 
drive of the once of the supporter 43 based on this contrast table. 

[0020]Thus, after parallel in the placing board 41 and the probe card 9 were secured, The stage 5 is 
moved in accordance with a conventional method, the wafer chuck 4 is again moved to the alignment 
bridge 11, the electrostatic capacity type sensor 13 detects the height of a wafer surface etc. 
further, and the movement magnitude of card Z shaft orientations is determined that a chip and the 
probe needle 9a will contact by suitable contact pressure. The movement magnitude of X which 
changed with inclinations, and the direction of Y is also amended. 

[0021]Move the stage 5 to after an appropriate time, and the wafer chuck 4 is moved to it at a probe 
part, Raise the placing board 41 and a wafer and the probe needle 9a are made to approach, the pad 
of a chip and alignment of the direction of XYZtheta of the probe needle 9a are performed, observing 
with a microscope, a TV camera, etc., and the probe needle 9a and a pad are contacted after that. 



Subsequently, electric measurement of one chip or two or more chips is carried out simultaneously, 
and a quality is judged by the circuit tester connected to the test head 1. 

[0022]Although the above example explained what is called a level prober with level field and probe 
card in which an inspected object is laid, The probe device of this invention holds an inspected object 
vertically, and can apply it also to what is called a vertical probe device to which move horizontally 
and that an inspected object is made to approach to the test head 1. Since a vertical probe device 
fixes a test head with large weight by enlargement and he is trying to move the inspected object side, 
it can abolish contact with the probe needle and pad resulting from support of a test head being 
unstable, and is advantageous. Also in this case, by fixing a probe card to a test head directly, 
terminal areas, such as a major ring cable, can be lost and stabilization of an inspection can be 
attained. 

[0023]ln the above example, although the semiconductor wafer was explained as an inspected object, 
it cannot be overemphasized that this invention probe device is applicable to a LCD glass substrate 
etc. 
[0024] 

[Effect of the Invention]Since the inclination of an inspected object to a probe card can be amended 
according to the probe device of this invention so that clearly also from the above explanation, the 
loose connection by gap of inclination of both, such as an assembly error, is prevented, and highly 
precise measurement can be performed. Since a probe card can be directly attached to a test head 
by establishing a compensation means, terminal areas, such as a major ring cable between a test 
head and a probe card, can be lost, the increase in impedance is abolished, and exact high-frequency 
measurement becomes possible. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The entire configuration figure showing one example of the probe device of this invention. 
[Drawing 2] The figure showing one example of the probe card concerning this invention. 
[Drawing 3] The perspective view showing the important section of the probe device of drawing 1 . 
[Drawing 4] The figure showing another important section of the probe device of drawing 1 . 
[Drawing 5] W ith the figure explaining operation of the probe device of drawin g 1, as for (a), (b) is a 
figure showing the inclination theta of a probe card, and a figure showing support of a placing board. 
[Drawing 6] The figure showing the conventional probe device. 
[Description of Notations] 
1 Test head 

4 Support means (wafer chuck) 

43 Compensation means (supporter) 

5 Stage 

9 , Probe card 

9a Probe needle 

14 Compensation means (camera) 

W Inspected object (wafer) 
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. . ■. : : . ■ . ......... ; .; . ............ ...... .. ....... : . : ., ;. ...... .............. .. .. :.: .. .. : ; \:..r ..... ;| ^ _ ■ 

card in which an inspected object is laid, The probe device of this invention holds an inspected object 
vertically, and can appiy Mso W vfhatllcaijed a vertical probe device to which move horizontally 
and that an inspected object is made: to approach to the test head T Since a vertical probe device^; 
fixes a test head with large weight by enlargement.and he is trying to move the. inspected object ff|l; : : 
it: can abolish contact with the probe needle an||pad : resulting from support of a test heaciU ; >e!ng : ||f:': : 



|^p|>le, an3 is- advantageoUIIBIso' in this case, by fixing a probe card to a test, head directly, 
lllfflnal ar|as v such as a irnajor ring cable/: caa/Be lost and stabilization of ari inspection . cah-b|1 



ps, ;$uch as a major ring cabled car|Be lost and stabilization of an inspectioir.cah 
attained, 

3(i|4jlhlKe a|ove,example ? although the ^serfiiconductor wafer was explained; as app 2 



Sjpct&d; object 
f |§ subst#t 



mm 



it cannot: be overemphasized that this invention probe device is applicable to a LCD: 0 
etc. ^ m > ■ : « > Wmam I ■ : : : : illltll s , &im SM» m. i ; : : . ; : ■ ; : : ■ ;§"^ 

[Effect of the fnventionjSince the inclination;: of H|; inspected object to a probe card ;cah f e : amencjil 
acGordirrgito the probe device; of ■ thi$ invention so that clearly also fromithe above explanatipui ithSff 
loose connection by gap of inclination; of bptK such as an assembly err®- .is prevented; and -highly!:':" 
precise measurement can . be peffbrmed. Since, a probe card can be di reply attached to aftest head 




c o rhp e h sat* oh n 

ill mm 



id a probe carH cahle lolt 

■ ■■ ■■■ \.y ■ ■ • - - ■■■■■■■ ,^ ^, : - 



measurement becomes po^sjEle. 



hs, terminal areas, such ;ai;a.;majc nog; pa 
the .increase i n imp edanp§|is a bo I is hp d, arid 




between a test 

high-frequency 
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B 5&ft f^«Jfe * tiT V ^ C t £r#|g t i~ § ift&g 1 IE* 
[0001] 

■So 

[0 0 0 2] 

^kw-c&bijw ^ia^j $ ti±Wk<o^ y y Q mm £ 20 

y K«SgIOM^7°n^7lt^H^ttttit 

[0003] :©yp- 0 ote, I6i:^fj: 

1 <D±jjW\Z$ *ls^\H<D I C^s/T^W^y Kia^Jt- 30 
Mfc L T la^ij $ ft fc y n - y*®- ^iifcyn^- K 
1 0 2Sriaai~S<h t fc^, :©7°n^^Kl0 2 
Srfi»Rtf^^ct5 3y^^ hyy^i 03coTffil-@ 

y MJy^i 03© 

y y^>7°n^7lW©^f yf— MJy^i0 4i: 

^ >^ - y Wr^)\>&\ =? tf y ^ £ ^ r * 

U ^x/xil^l 0 1 n#^«7°n^7lt^x 
^(D^yy°(DmW<y K££Stt$ii\ r©^<S^« 

[0 0 0 4] £kt£*i£-Cte, ^#^<Dft±<Dfc#>fcffi 
It 0j|£fil 6(7) I C^y^&Ztlh I C^s/y^*fj£ 

Wfef & y° n fjft fc>HT V ^ 5 o so 



[0 0 0 5] 

y chx^ 5/ k^h^ >^^y y>^v^ 

J\ ^Vtf-^V^J^U 2 0 0-3 0 0MHz£l 
*fc I Cfy7°ir7 y Kl 05 h<D^ 

fc 5 £ £ #81 L < , L < v ^ t V ^ 5 fSHtfS & 

[0 0 0 6] Z<Dtclb : TX h^-y ^K\K^y°v—y*jj — 

te, y°v-y*M% 1 cf^7l:ti^lTi)^ 

[0 0 0 7] ^(D^n— ^SB^&l^Tfc, ^g^fl 
iI0#^y n KtfSft <9 tttf <bft3® £ ? 

<d ^ y y° %miE~f ?^y° n T* te, 7K¥S^ S 
5 ^ n it i/ > yswffi&ong. 

£ft£ G LfrL, Y^y Kfi2 0 0 k gJELb, 
0-5 0 0 kg[:y^, L^t"^ h^s/ KflH'Jtt^O 

[0 0 0 8] 

[gW] K±^ct5^P«m^Sr»*i~^<>i 
^g^J^i~§ 0 5WPJfif7F^^Kmi7°n- 
[0 0 0 9] 

^«i$ti^7°n^-K^ mmw>*3Ln-r 

9, fflt^^n^-F^r7 h^y Kt-H^f- 
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[0 0 10] 

6 1 1 fc [a°n-7^- K t t # W t ft 5 J: 

[001 1 ] 

±#^irmX\ ±t LT7°n^7lI**l 0 
tmi<D3Cft£i7\c3iftt$ti±'rX Y^y Kl t^fefig 

^ 4 £ ^m/v^-Y s/^ 4 ^XY^^lrfS/c^X 

Afiry^4i©H(DjiAW©^!) £ ^^tfft5 0 - 

fti\ ^x-^co^iEft^^sjftfi^^ffl-rsfc* 

[0 0 1 2] Y^y F lteV^^±.<Dmf&&frltc I 

*{*±(7)aiJ^g^#S]^f^-ftoTV^§ 0 ft&\ 

h^y Kl©-«#t^7y7^lri(fTi) 

[0 0 1 3] COj; 5 4r^ h^y Kl©IStI[-^ 



5/ K«(om« t mm** t-yttmnm \mm £ ti 

TV^S 0 7°n^7>- K 9 ^fiH 2 fc^i" <t 5 t-^m^ 

y^i^^ii^tifcii(Z)^n- 9 a ^ 

7°n-7l9 a«WW^ltlif^^ 

otMt5¥B^n- K9tf>Tffl 

t57°n -^fS (7)*IE#^ J: o Tffi * Sr tft fflf 5 fc » 
(DP— h-e— ? 9 b^PftStlTV^ 0 W 
— ^ 9 b fcMftS, lfe«Vn-7^- K9©4PS^X*1 
Ml^o (9bu 9bz) , Y^m^2^>Wfhtl 
'bo 

[0 0 14] ft:}b\ 7°n-7ll*f$l 0 i:r7 Y^y 

Km, x^~i?(Dimmz£%Mmiz£%7*ti~y*§\- 

V\ — *\ T7^^yb33W7°n-7^4ft [13 
^*i~ct 5l:T7^f^ hSl5 3 t LXTy-1 *>hy* ] J 
yiPl 1 ^^rn/N_t(7)JfM$^rV^^^y^g^^ 
tttfr&tctfXD I TV^7^ "7 1 2 ^x/^Bft^^i 
$?r^tti^^/c^(7)f|-m^SMiry^l 3^g^$^T 
7r^5(t X^fBj^jffift 2*©^ 7V 
WfiotX^W»^XXf-^5 a ^©X 
7r^5 a±£Y;fr[B][£jffi££;fa,5 2t©W ^f^t& 
oTX*fn]Wl^^YXr^^5 b tfrbM$,£tl 
X^T-^5aWY^f^5bft /^/VX 
* - # ft ^ ^r^tf © ^J:oT7K¥®rt^X 

[00 15] ^m/N^y^4fiSi-m4t^1-J:5 

^iiiaotiT (z) *[Bj^gfe^#»BrtB^* 

2t, *g«4 1 t BT»a5 4 2 Sr»Jgi~SS^a54 3 £ 
j5>e>J*?K 5:^4 3^«^^JfMS^*g«4 1(7) 
JKfflSr«ft^Jx.tf3^ (B5 (b) ©a, b, c) I: 

nM^ftotl^c IPfe, S^4 3^3*©2J?— 
9jJ?-^^SrfiBiJ^|lIteS'1i:T*«*E4 1 ^Rl»Sf54 
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[0 0 16] SfcY*^ — ^5 bi:fi7°n^^K9 

K 9 ^*f^5 ? ^/v^ sx ^ 4 coffit 10 
liCCD^7^7 1 4^@££jft/'Cl^5 0 WX-ffCCD* 

^^liiiaot^-ys/ b^-^ 9 bswiiSh 

w- jfy Y^r^ ^Sr#LT*35, T 9 >f ^ ^ hSIS 3 i£*3l^ 

^mot^AW^^/Nfi' y$ 4©ffft4 1 20 
^4^77^^F7^^/^ll[:»W, 

VM TV^7^ 9 1 2 J: V ^^/^_b(7)?fM$tirV^^ 
5/ Srt&fflLT, XY*b£*^9:/9>f ^£tf>ilL 
^tt^0T^»ft^A§ cfc 5(-i~S^ £ fci^fci^L 
/c/v^^^^lt-7°n^7lt 9 a tfy^y 

[001 8] ftV^ITV*^7l 2ia!)CCDi/^ 
9 1 4©^y h-r— ^^S^^^/N^^r 5/^ 4^ffi 
#$tl/c^xAW©^^^^CCD^^ y 1 4£"Ctf>EE 30 

If OSJJDMM) ^»5 0 t^^f^ ^7-^5^1 

UlSiirT CCD#^ 9 1 4^n- K9C0X^fo] 

y|:±oTCCD*^7l 4{^*3ttS^ w -^5/ 

7ltI[:lo^^^7l&W^y h^-^ 9 b 

^5/ h^-^ 9 bfc*ttS-f-5 2^©iU* h k h 2 ^r* 

«\ »C^2^M^X^fB]OEgl!id iS:CCD*^9 1 4 40 

t a n 0 i= (h2-hi) /di 

fcicfctK X*|ni(Z)It0iSr*:ft5Ct^5 (HI 5 

(a) ) 0 HWt^ Y*[n]^oV^fc^n-^*-Kcr) 
Y^[n]©HiB^Ktt?>Hfc2o©^— ^5/ h*^-^ 9 b 
^*f^t"S2^©i«Sh3, h 4 £r*#\ 2^K©Y*[r1 

t a n 6 z= ( h 2— hi) / d 2 

{-cfc?) Yjjfo(Dim 0 2Sr*fe5C^^S o so 
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[0019] mc^yf^yfc- (D £ 

-^-K9(7)fg^^^LT, *g«4 1©|^-S 
5(-5^4 3(7)^^^-^v ? ^L< fiJEE 

iff, 0 5 (b) (3^) a, 

b, c^YWf^L^^iag^^TV^iLT, *g 
S4 lSrYtt^ftoTffi^S^SW^^fi, Y«l_hfc& 
a (D^&(Dfy&WZ{&(D3CW& b , c 60 ^ 

i»fiS:0f^*3Eft S^rS 1 1 fc a ^S^ft^r 

fi4 1 t^n^*-K9 t^W^MSh, 

^(/)#SjS^, x^fRj^Ytt^fBjtt^trftoTfcJ: 

S^^L^ti,^^^ 3 y©^ *e y y7°y h 

£\ :©«S^li:»S4 3 ©-Soiltfli 

[0 0 2 0] ^(Z)J:5^fIS4 1^7 0 n^-K9 

lT')x/Nft7^4^77'f7 t yF7^ 1 
}-#»U ^b^ff-m^SMiry^i 3fcJ:5 ^x^g 

■SO ft ffi-C ^ * * h 1- § «fc 5 K Z tt*[R] 
ftS^^r^^o ffl^cfctJ^bLfcX, Y^^] 

[0 0 2 1 ] L^5«t^ ^SSr^ftLTl?^^ 
f-V7^4^7°n-7lWll, tf«4 1^#$ 
tt^x/N^n- ^ff 9 a ^^rgifiS^:, ^^f^n^ 
n^TV^7^7f(a!)IilWbfy^^ 
K^n- ^4f9 a©XYZ 0^[n]COfia^fo^SrtT^ 

v\ ^(o y iky°^—y^\ 9 a KtSrSftt^^So * 

IvCr* Kl^SSlftSHfcT^^^J:!?, loco 

[0 0 2 2] &*3, JK±©Sai6W^fL »^f*^*cg 
^Pw^iol^Rffilfc^ «|©yn-7lftt 

<fc 5f-LTi^tf>~C\ r^h^^K^#^^F 

^XTfe 6 C t \zmmir% 7°n-7l+ 1 s< y K t Off* 
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[0 0 2 3] *^±C0HJiW{C*5V^fi, IftttStfti: 
[0 0 2 4] 

JK±©RMd^fcWe>d^J:5^ #38 10 
Soffit Sr*iEi~SC t^SOT, »55aS^O 
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[01] ^mw<vyv~y*mw<o-mwt%^ir±fcn 

[02] #3891 f£« 5 7 n - Kco-*JfeW 

0 O 

[0 3] 01^yn-^gg(D^^i~#ffi0o 

[0 4] Hl^n-^Sa^S'J^SffiSr^Ho 

[0 5] EIl^^n-^g(7)S]^^Kt-50^\ 

(a) iiyn^*-K©Me £^1~0, (b) ji* 

[0 6] «©7°n^7ll^tl 0 

1 b^y K 

4 3l##J£ 
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